important primary procedure where scattered holes are present. This is particularly prone to occur in high myopia and in aphakia.
In secondary procedures where there is retinal disease behind a previous operation area, the encircling technique may be the only method of bringing the operative choroidal exudate in contact with the retina, and in giant holes of the retina the ridge often has to be placed very far back.
Internal Tamponnage This method of treatment relies on pushing the retina towards the choroid, either to a prepared area of choroidal exudate or to have light coagulation applied secondarily. The materials used are normal saline, vitreous, air and fluid silicone.
This technique is used primarily where holes are out of reach of normal methods, as with macular holes or traumatic holes near the posterior segment, or retinal holes where the sclera is very degenerate and thin.
In the case of giant tears with flapped-over retina the injection of fluid silicone under the flap of retina with simultaneous release of the subretinal fluid may sometimes place the retinal flap on a prepared encircling or circumferential scleral ridge. This injection of fluid silicone may also break down vitreoretinal adhesions and force the retina to lie flat where otherwise it was held forwards.
The most common use of saline, vitreous or air is to occupy space in the collapsed vitreous body after evacuation of the subretinal fluid and to force the retina on to a prepared ridge. It is noteworthy that light coagulation is not possible after the injection of air.
Mr J R Hudson (Moorfields Eye Hospital, London) Techniques of Operation and Complications I shall confine myself to recent methods and the complications peculiar to them. The methods of light coagulation, surface diathermy, and scleral resection in its simple forms are well known, and Mr Fison has discussed the indications for them. I should like to re-emphasize one point which he made: that light coagulation as a primary method is confined to those cases in which the retina is absolutely flat: the presence of sufficient fluid to blur the choroidal pattern even slightly on fundus examination is quite enough to render the technique ineffective. This does not, of course, preclude its use to augment surface diathermy in scleral resection or any indentation procedure in which operative treatment has brought about choroidoretinal apposition at the conclusion of the operation. In suchcases light coagulation may be of great value in dealing with areas where surface diathermy does not appear to have been adequate, or to ensure that the tear itself is satisfactorily surrounded by choroidoretinal reaction. I therefore consider a light coagulator to be an essential piece of equipment in an operating theatre in which retinal detachment surgery is being undertaken for complicated cases.
Scleral Flap Overlay
The immediate successor to the simple lamellar scleral resection has been the scleral flap overlay. In this procedure the superficial layer of sclera, instead of being removed as a long elliptical strip, is retained; it can either be used to cover the wound or can be buried in it to deepen the ridge produced by the scleral resection. Figs 1, 2 and 3 show the alternative methods. To deepen further the indentation produced by the scleral resection or the scleral flap overlay, an inert material can be introduced into the bed of the resection, and commonly used for this purpose is silicone rubber rod of about 1-5 mm diameter. Not only does this increase the depth of the ridge but in most cases the inlay appears to be retained and the ridge remains deep for a longer period than following a straightforward scleral resection. In the latter instance the ridge may disappear altogether within three to six months although, if adequate choroidoretinal reaction has been produced, this does not seem to lead to a recurrence of the detachment. Local Indentation Procedures Further to ensure that choroid and retina shall be brought into apposition in spite of vitreous retraction or a reduction in vitreous volume Custodis (1956) described the use, between 1952 and 1956, of a polyviol implant which is pressed by sutures against the diathermy-treated surface of the sclera in the region of the retinal tears. In his original technique in which the polyviol implant can be applied either meridionally or radially, depending upon the shape and extent of the tear, the subretinal fluid was not released, but was absorbed as the result of choroidoretinal apposition in the region of the tear. This enabled light coagulation to be applied if necessary, after the absorption of the subretinal fluid. The use of the technique does not preclude the drainage of subretinal fluid, and indeed the temporary increase in the intraocular tension which the method induces assists the escape of subretinal fluid through a puncture wound. At the Gonin Club meeting in October 1961 Custodis drew attention to the importance of accurate localization of the tear in relation to the indentation produced by the polyviol implant, and the necessity for removing and replacing the implant, or if necessary including a second implant within the sutures in order to be certain that the tear is correctly mounted. Failures of his technique he attributed to wrong localization of the implant, perforation while placing the sutures, an excessive increase in the intraocular pressure which may lead to occlusion of the central retinal artery, inflammation due to a sensitivity reaction to the polyviol material, and bacterial infection. To overcome the problem of sensitivity to polyviol the material has now been replaced by a silicone sponge rod which can be folded and re-folded to form a plomb of any desired length or thickness. Figs 4 and 5 give a diagrammatic impression of one type of tear for which a Custodis implant may be used, and Of the other localized indentation techniques the most interesting is, I think, the method of Dr L Paufique (personal communication) who, having made a pocket between the superficial and deeper layers of the sclera, applies surface diathermy to the deeper layer to surround the retinal tear, and then feeds a strip of cadaver sclera into the pocket, producing a marked internal indentation. If the sclera of the recipient eye is too thin for this technique to be practicable, a patch pocket can be made of the donor sclera, and the treatment completed as already described. The last of the methods of local indentation which I shall mention is the silver plomb of Rosengren (1960) which is attached to an encircling ring sutured to the globe between the limbus and the rectus muscle insertions. The depth of the indentation and the distance back at which the plomb is placed can easily be regulated by bending the silver arm to which the plomb is attached, and the advantages claimed for this technique are the facility of adjustment of the indentation and that it is relatively atraumatic. The ball and ring are left in situ for two to three weeks, and following successful choroidoretinal apposition at the site of the tear, the subretinal fluid is absorbed and choroidoretinal reaction induced by light coagulation.
Encircling Procedures
Many types of encircling procedures have been described. The encircling operation first conceived by Schepens (Schepens et al. 1957 ) and the development of his methods and materials are described by Dr Wallace McMeel (p 785), and I will confine myself to those alternative methods of encircling which are in current use.
The simplest is Arruga's (1958) method of equatorial cerclage using a nylon or Supramide suture after the application of diathermy to those areas of retina where there is obvious thinning or a definite retinal tear or hole. My own experience of this method (which by comparison with Arruga's published series is extremely modest), suggests that in order to produce a satisfactory reposition of the retina, a considerable degree of indentation of the globe must be achieved, and although this is initially satisfactory, the suture gradually works its way through the scleral coat and appears under the choroid where it can readily be seen by indirect ophthalmoscopy. Arruga has mentioned cases in which the suture has actually perforated the -choroid and retina, and has appeared in the vitreous, stretched across as if it were a bow-string.
Meyer-Schwickerath, at the Gonin Club meeting in 1963, nicely described the phase immediately preceding this as the 'washing-line phenomenon', in which the retina is seen hanging over the Supramide suture as if it were a sheet hung in the back yard to dry. I have had to.remove an encircling suture in 2 or 3 cases in anticipation of what Manson described (1964) as the 'string syndrome', the signs of which I shall consider with the complications of this and other methods of volume reduction. In his monograph Arruga illustrates the use of his method, and in some instances improvement is not evident until more than two weeks after the operation. This is an observation which I have been able to confirm in relation to the localized indentation procedures, and also to other encircling procedures, and I have observed several cases in which an apparent failure to replace the retina has been followed by its complete flattening during the third post-operative week or even later. In three patients attending for routine follow-up after failed detachment surgery the retina was found to have flattened in the interval.
As an alternative to a Supramide suture, encirclement can be done with a continuous silicone rubber rod, either partly buried in a scleral flap overlay and continued as a superficial encirclement with bridle sutures to affix the rod to the sclera at suitable points, or as an external cerclage attached solely by sutures. This technique has the advantage over the Supramide suture that it is less likely to cut through the sclera and therefore to appear in the vitreous; at the same time it has been suggested that, although silicone rubber is reasonably inert, it will induce a little tissue reaction on the scleral surface, thereby further reducing its tendency to cut through the globe. The chief disadvantage is that experience is necessary to know to what extent to tighten the rod, as its elasticity causes it to continue to contract post-operatively, and an undesirable degree of indentation can easily be caused. Alternatively, scleral tunnels can be formed, and the silicone rubber rod used to encircle the eye in the absence of any scleral flap overlay or scleral resection.
Three cases in which the results have been successful illustrate this technique or its modification. In one of them radial rods were used in addition to the encircling silicone rubber rod in order to close the tear, which was placed sufficiently far back to make its inclusion difficult with an ordinary encircling procedure. In a further case encirclement resulted in an incomplete flattening of the retina, and new small holes appeared behind the encircling rod in the lower temporal quadrant; this was successfully dealt with by placing a short length of silicone rubber rod behind the original encircling procedure. The third patient, a girl of 13, whose father is blind following retinal detachments, has had encircling procedures performed on both eyes.
Of other encircling techniques available I have found the use of a silicone rubber tube in conjunction with an Arruga suture to give the advantages of a local scleral flap overlay and, at the same time, to give the added security of an encircling procedure. Fig 7 shows the silicone rubber tube through which the Supramide suture is threaded. It strongly resembles the Everett scleral buckler (Everett & Sharrer 1961) , which is a silicone rubber rod into which a nylon thread is moulded. My own experience with the Everett buckler is that it is difficult to shorten the silicone rod surrounding the nylon in order to tie the suture. At the same time, it has the advantage that, as the nylon is inelastic, the degree of constriction of the globe 44 by the silicone rubber rod is completely under the control of the surgeon and the degree of buckling undertaken at the time of the operation is maintained post-operatively. The threaded silicone tube can be used either as an alternative to the Everett's scleral buckler or it can readily be shortened and included only in a scleral flap overlay, the Supramide suture, which is double and has a needle at both ends, being used to complete the encircling procedure. I would emphasize that the encircling suture is used rather to keep the silicone rubber tube in position in the flap overlay than to induce any marked degree of indentation, and I aim at only a shallow ridge in that part of the circumference of the eye covered by the suture alone. The remaining disadvantage is the possibility of post-operative infection along the cavity of the tube, as has been reported following the use of polythene tubing. The silicone rubber tube is copiously irrigated with chloramphenicol solution at the time of operation, and no case of infection directly attributable to the retention of organisms in the cavity of the tube has so far occurred.
Internal Tamponnage
If, at the end of the operation, the tension of the globe has fallen to an unduly low level, internal tamponnage is used to restore the tension to within normal limits. For this purpose the materials available are donor vitreous, recon-39 781 stituted vitreous, normal saline, liquid silicone and air. I have not used reconstituted vitreous or liquid silicone, although I was very impressed, when in St Louis in June' 1963, to see some of the results in the desperate cases for which Paul Cibis has used this technique. The taking of donor vitreous is a relatively simple procedure. Keeping vitreous over a period of time results in a lowering of its viscosity, but this does not appear to affect its usefulness in the restoration of the intraocular volume. Reconstituted vitreous, however, retains the viscosity it held at the time of freeze drying, and it can, if required, be reconstituted to double its original strength; I have no personal experience of this material. Either donor vitreous or saline can be introduced in front of the encircling procedure through the pars plana, using a fine needle of 20 or, in the case of saline, even of 22 gauge, with which the sclera is perforated by gentle pressure, using a catholysis current. Rosengren (1947) considers air to have an advantage over fluid tamponnage, in that the air bubble has a surface, and is therefore less likely to pass through the retinal tear and produce re-detachment. This is certainly a complication of using fluid for internal tamponnage, and the technique must therefore be restricted to cases in which the tear is already completely flat on the choroid, or in which it is not sufficiently large for this to be a risk. Liquid silicone is said to have, amongst its other advantages, its own surface, and is therefore comparable with air in this respect. The chief objection to the use of air is that this must be the last step in the procedure, since its use precludes any further useful view of the fundus, and certainly light coagulation cannot be carried out after the air has been introduced.
I shall now mention some of the important operative and post-operative complications, and methods of treating them. One of the most disconcerting operative c9mplications is the passage of vitreous through the retinal tear with the resulting reformation of the balloon detachment, which is much more difficult to deal with than the original problem. In order to avoid this, the subretinal fluid should be released at points within the balloon as far as possible from the tear itself, thus avoiding-any direct flow of vitreous through the tear at the time of release of the subretinal fluid. The other major complication during operation is occlusion of the central retinal artery following an excessive rise in the intraocular pressure, due either to volume reduction or to internal tamponrnage. This can only be avoided by repeated observa'tion of the retinal vessels, and if arterial narrowmig or pulsation is observed, the ,tension should immediately be lowered by loosening any encircling material or by taking out one or two of the stitches in a flap overlay. Alternatively, aqueous can be released from the anterior chamber following paracentesis, and this almost always reduces the tension to a satisfactory level. Intravenous administration of acetazolamide 500 mg at this stage will prevent an immediate postoperative rise with its attendant dangers. Infection is the most serious post-operative complication. This is a matter partly of the imaterials used and partly of operative technique and, as the methods for its prevention are applicable to all forms of surgery, I do not propose to consider it in detail.
A post-operative rise in the intraocular tension following encircling procedures may occur at varying intervals following operation, but it is usually possible to control this condition by acetazolamide and gradual withdrawal of 'this drug is not accompanied by a further rise in tension.
I have mentioned the 'string syndrome' following the use of an Arruga suture, and I think that the features it presents are liable to occur after any encircling procedure giving a similar degree of constriction of the globe. This was described by Vernon Ingram at the Gonin Club meeting at Utrecht in April 1963. It occurred in association with 4 cases out of 35 treated by Arruga's sutures. It occurs between the fourth and the nineteenth day, and is accompanied by conjunctival chemosis, uveitis and hypotension. In milder cases the conjunctiva is dark red, and in more severe cases it becomes bright red in colour. The anterior chamber is deep, there are cells and flare present, the iris becomes a greenish colour, there is considerable pain and the tension drops to a level so low as hardly to be recordable with a Schiotz tonometer. All other signs resolve after some weeks, the retina re-detaches and the eye becomes blind. At the same meeting Meyer-Schwickerath emphasized that this complication could follow any encircling procedure, and advised the immediate removal of the encircling thread or other material at an early stage, should the symptoms present. I have had 3 cases in which this has happened; in 2 of these, removal of the suture was not followed by re-detachment of the retina, and in the third case total detachment followed. There is, however, an immediate improvement in the patient's general condition as the syndrome is associated with severe pain, and the eye quietens over a period of two or three weeks.
The use of vitreous for internal tamponnage m£y be accompanied by a severe uveal reaction in the posterior segment, but I have happily found this to occur rarely. There are, however, milder degrees of reaction in which a small amount of exudate appears in the dependent -part ofthe globe, between the vitreous and the retina, of limited extent and slightly yellowish in appearance. This, I am sure, is exudative ratherthan infective in origin, and clears up gradually during the postoperative period in hospital, leaving no residual vitreous opacity.
I have always felt that with the more complicated techniques which are now in use for retinal detachment surgery, the more difficult cases should be referred to detachment centres. Although no one would claim that the overall results of detachment surgery are improving to any significant extent, many cases which would previously not have been attempted are now operated upon, some with unexpectedly rewarding results. In view of this I feel that retinal detachment units to deal with such cases are inevitable, and that the use of more radical primary procedures, particularly in these cases, will result ultimately in better results. I was very impressed when I went to Canada and the United States in 1963 to see how much retinal detachment surgery is carried out in these conditions.
